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Biis invention relates to sulfete scale dissoltttion. 
More particularly the invention relates to ocnpcsitions and 
methods for dissolviiig an aUcaline earth metal sulphate scale, 
especially strontium and barium sulphate scale. Ohe invention is 
particularly useful for the removal of such scale from oilfield 
equipnent including downhole pipe, tubing and casii^ as well as 
subterranean formations. It is also applicable to the removal of 
these scale d^osits frum other equipment such as boilers and 
heat exchangers'. 

Ref erexroe is hereby made to our copending patent ' 
plication of even date entitled "Method of Decantamiuating 
Earth awVor Natxjral Gas Processing Equipment". Many waters 
contain altaline earth metal cations, such as barium, strmtium, 
calcium and magnesim, and anions, sudi as sulfate, bicarbcaiate, 
carbonate, phosphate, and flucaride. When ccmbiiiations of these 
anions and cations are present in conoentrations v*iich exceed the 
solubility product of the various species vAiich may be formed, 
precipitates form vmtil the respective soliibility products are 
no longer e y reed e d. For ©canple, v4ien the conoentrations of the 
barium and sulfate ions exceed the solubility product of barium 
sulfate, a solid phase of barium sulfate will form as a 
precipitate. SolubiliiY products are ejmeeded for various 
reascais, suc4i as eviration of the water phase, change in pH, 
pressure or teitperature and the introduction of additional ions 
v*iich can form insoluble ccnpounds witti the ions already present 
in the solution. 

As these reaction products precipitate en the surfaces of 
the water-carrying or water-containing system, they form adherent 
d^xasits or scale. Scale nay prevent effective heat transfer, 
interfere with fluid flow, facilitate corrosive processes, or 
harbor bacteria. Scale is an es^jensive problem in nany 
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industrial water systems, in production systens far oil and gas, 
in pulp and p^)er mill systems, and in otber systens, causing 
delays and shutdowns for cleaning and rattoval. 

Barium and strontium sulfate scale deposits present a 
imique and particularly intractable problem. Under most 
bonditicns, these sulfates are ocnsiderahly 1^=^^ soluble in all 
solvents than any of the other ocrananly enoountered scale-forming 
ocxtpounds, as shown by the ociiparative solubilities given in 
Table 1 below. 

gcynparative Solubilities, 25^C in Water, 
SS^ Solubilii^. mcr.n. 

Gypsum 2080.0 
Strontium sulfate 140.0 
calcium Carbomte 14.0 
Barium sulfate 2.3 

It is generally acknowledged that barium sulfate scale is 
extremely difficult to rotcwe chemically, especially witiiin 
reasoaiably short periods of time: the solvents \4ujcb have been 
f cund to work generally take a long time to reach an equilihrivmi 
oonaentratican of dissolved barium sulfate, viudx itself is 
usually of a relatively lew order. Oonsequently, barium sulfate 
Bust be reraofVBd meobanically or the equipment, e.g.pipes, etc. , 
cxsttaining the deposit most be discarded. 

rrhe incidence of barium sulfate scale is worldwide, and 
it occurs pri n cipally in systems handling subsurface waters. 
Beca u se of this, the barium sulfate scale problem is of 
particular oonoem to the petroleum industry as water is 
generally produoed with petroleum and as time goes on, mora 
petroleum is pro du oed ty the waterflooding method of secondary 
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rec3GMery; inplying even greater volumas of produced water. The 
scale may cxxair in many different places, induding productican 
tubing, well bore perforatiOTs, the area near the well bore, 
gathering lines, neters, valves and in other production 
equipment. Barium sulfate scale may alg^ form within 
subterranean formatians sucii as in disposal wells. Scales and 
deposits can be fanned to such an extent that the permeability of 
the fonnation is iirpaired resulting in lower flow rates, hi^ier 
purtp pressures, and ultimately abandonment of the well. 

Barium sulfate scale is particularly trouhlesane when 
sulphate-^ch seawater is used as an injection flxiid in oil wells 
\*iose formaticn water is rich in barium ions, mis particular 
aspect of the barium scale probleta is severe in soae U.S. oil 
fields as well as some older North Sea oil fields. Scaling of 
this nature is also e>5)ected to occur durir^ advanced production 
stages in other North Sea fields particularly after seawater 
breakthrou^ has taken place. 

Another problem associated with the f ormatian of bariimi 
and strontium sulfate scales is that radium, anotJier Tn^>v=»- of 
the al k a lin e earth grcxp of metals tends to be deposited at the 
same time so that the equipnent hpcrr^ radioactive, and may 
eventually have to became unusable for safety reasons alone. At 
present, a considerable amount of oilfield tubular goods are in 
this oonditian and cannot be readily restored to usable condition 
b ecaus e of the difficulty of rearoving the radioactive scale. 

Varices prcposals have been made in the past for removing 
barium sulfate scale chemically. Mcsst of these processes have 
utilised chelatiixf or conplesdng agents, principally the 
polyamincpolycarbcocylic acids sue* as ethyienediaminetetraaoetic 
acid(EDIA) or diethylenet riami ripppg rt^f^optlc acid(IXrPA) . 

US-A-2877848 discloses the use of HXEA in ocnibinatian 
with various surfactants for this purpose. DS-A-3660287 rt-8gr.ioc=oc= 
the use of EDfIA and DIPA in the presence of carbonate ion at 
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relatively neutral pH (6.5-9.5) aixi US-A-4,708,805 f^igr^log^ a 
process far the removal of batrium sulfate scale ty sequestration 
using an aqueous solutian of citric acid, a polycarba)ylic acid 
such as c arbaz i c acid, and an alJcylene-polyamincpolycarixajylic 
acid such as BOTA or EOPA. Ohe preferred aqueous sequestering 
solutions have a pH in the range of about 9.5 to about 14, 
provided by a b ase such as potassium hydroxide or potassium 
carbonate. 

Another approach \diich has recently been made is to use a 
polyether in cccibinatian with the amincpolycarbaxylic acid. 
nS-A-4,lS0,462 disnlnRes that brurinm sulfate scale can be removed 
fran remote locations extending into a subterranean earth 
f annation ty contacting the scale with an aqueous solutian 
consisting essentially of water, a monovalent cation salt of a 
monocyclic macrcyclic polyether containing at least two 
nitrogen-lirited carboxymethyl grcn^js and encu^ monovalent basic 
ocupcund to provide a solutian pH of about 8. Similar disclosures 
are to be tocand in US-A-4,215,000 and US-A-4,288,333. Ohese 
polyether materials have, however, the disadvantage of beii^ 
costly which is a severe dravtoadc for oilfield use where cost is 
a major factor. 

Althouc^i many of these kncroi ccnpositions will renove 
scale, the rate of dissolution is slow and the amcxmt of scale 
dissolved is small. 

We have new found a way of removing barium sulfate scale 
using various novel combinations of scale-resiovir^ agents. Hhese 
ocnihinations are C2?)able of reauoving scale at markedly higher 
speeds than prior sccile-remarving ccnpositions and are also 
c^)able of rsooving relatively more scale for a given quantity of 
solvent, niey are, unreover, relatively che^ and are therefore 
well suited to use in oilfield cperations. 
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Broadly, the invention relates to a cxfftposition and 
method for dissolving an alJcaline earth inetal sulfate scale. In 
a broad aspect the c aiup osition oonprises: 

(a) an aqueous solxition having a pH of frcam 
substantially 8 to substantially 14; 

(b) a chelating agent oonprising an aminocarbax/lic 
acid, polyarainocarboxylic acid, polyamine, salts thereof, or 
niixtures thereof; and 

(c) a scale-dissolving quantity of a synergist or 
catalyst. 

Furthermore, in a broad aspect the msthod ccnrprises 
contacting the scale with an aqueous solution having a pH of 
substantially 8 to substantially 14, ^ch solution ccmprises: a 
chelating agent CGB[iprising an aitdjnocarba>Qrlic acid, a 
p^lyaminocarboxylic acid, a polyamine, a salt thereof, or 
mixtures thereof, and a scale-dissolving quanti-^ of a synergist. 

TbB aqueous solution is contacted with the scale for a 
tine and at a terrperature sufficient to dissolve it. 

In one aspect of the invention the catalyst is selected 

fron a member of the gixsup consisting of anions of organic or 

inorganic acids and mixtures thereof, having an ionization 

ocanstant greater than substantially a pK^ of 1. ihe ionization 

a 

constant advantageously has an ionization constant (Ka)' of less 
than substantially lo"^ (ka<lo*^) . mLs enables a cottposition to 
be provided vAiich can dissolve substantially more of the scale 
within a substantially reduced time period than is possible with 
the dielating agent alone. In this aspect of the invention, the 
catalyst may include fluoride anions, oxalate anions, persulfate 
anions, dithionate anions, hypochlorite anions, formate anions, 
thio anions, amino anions, hydra>cyaoetate anions. Ihe preferred 
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anic3(ns in the catalyst are oxalate, thiostOiiiate, nitxiloacetate 
and nonocarbGo^lic add aniens. 

In anotber aspect of the invention the synergist or 
catalyst a:in.>r'i ses oxalate aniens, thiosulphate anions, 
nitriloaoelate anions or moncarfxaylic a dd anions. 

In this aspect of the invention the dielating agent is 
advantageously a polyami nocarfaooylic add or a salt of fay ji an 
acid. 

In both aspects of the invention scale the oonstLtuents 
are preferably selected such that about 80% to about 90% of a 
solution level of barium, strontium or calcium sulfate is 
dissolved fran pcMJered scale in about 10 minutes at a 
tenperature of about 100<>C. 

In another aspect the invention provides a Hethod f or 
selecting a catalyst suitable for erihanciJig the dissolntian of an 
alkaline earth metal sulphate ^Aien used in coBobination with a 
chelating agent selected fran a mariber of the grotp consisting of 
an aminocarboKylic acid, a polyamiiiocarbaxylic acid, a polyamine, 
salts thereof or mixtures thereof, ocnprisiDg: 

selecting said catalyst fran anions having a negative 
free energy of reaction for the conversion of barium sulfate to 
barium oonpound \4iich catalyst provides for substantially 
increased rates of dissolution of said scale than is possible 
vith said agent alone. 

Ihe invention can also be applied to the reduction of the 
radi o a c tivity of oilfield tubular goods contaminated with 
radium-^oontaining scale of deposited alkaline metal sulfates. 
Ohis method involves contacting the scale or the aqueous soloition 
with one of the aqueous ocnpositions described above for a time 
sufficient to remove the scale fran the tubular goods. 

In both the above aspects of the invention the 
concentration of synergist or catalyst is usually about 0.01 M to 
about 1.0 M, preferably about 0.5 M, with similar ocncentrations 
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being appropriate fear the primary chelant (the 
polyandncpolycarbaxylic acid) . Substantially inproved scale 
dissoluticjn rates are obtained \ghen the aqueous soluticn 
cxxitaining the ocnposition is at a taipecature of about 25»C to 
about 100«>C, fait higher tenperatures are obtainable dowrihole 
because at greater f armation depths higher existing pressures 
vdll raise the boiling point of the aqueous solution, aixi 
ocnsequently greater scale removal rates be attained. 

m aooonaance vdth the present invention, alkaline earth 
metal sulfate scales, especially bariian sulfate scale, are 
removed by the use of a oanbination of chemical scale-ranoving 
agents. Die method is particularly useful for the removal of 
such scale froa oilfield equipnent used to hrii^ oil and/or water 
fixm subterranean fonnations to the surface. Die method nay, 
hcwe.jTj also be used to remove scale fron the fonnations 
thenselves, especially in the regions surraun3ing production and 
injection wells,as mentioned above. The method may be used 
to renove scale fnan above- grouna equiiment both in the oilfield 
and elseiAiere, for exanple, fron boilers and heat ewiiangeErs and 
other equipnent es^josed to scale-forming conditicns. 

The scale itself is usually in the form of an adherent 
d^osit of the scale-fanning mineral on metal surfaces Mbitii have 
been eqaosed to the water containing the scale-fanning 
carponents. Ohese ccnponents ccnprise aUtaline earth metals 
including calcium, strontium and barium, together with variable 
amounts of radium, depending \jpan the origin of the waters. As 
noted above, bariimi sulfate seal© is particularly difficult to 
remove by existing chemical methods in view of its very low 
solubility. 

HiB present scale removal is effected with an aqueous 
solvent which ocnprises a polyaminopolycarboxylic acid such as 
HJia or DEPA as a ciielant or chelating agent ^Aich is intended to 
f om a stable ccnplex with the cation of the alkaline earth 
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scale-foonoing material. Of these dielants, OTPA is the preferred 
species si n oe it f anns the most solxjble cxnplexes at greatest 
reaction rate, mik may be used but is sanswhat favorable 
and, as noted belcw, may be less respoonsive to the additicn of 
the catalyst or synergist. Ihe chelant may be to the 

solvent in the acid form or, alternatively, as a salt of the 
acid, preferably the potassim salt. In any event the aUcalins 
conditions used in the scale removal process vrill convert the 
free acid to the salt. 

Bie oanoentraticn of the ciielant in the solvent Pihnnir^ 
normally be at least O.IM in order to ac±iieve acceptable degree 
of scale removal. Chelant cancentrations in excess of 1.0 M are 
usually not necessary and oonoerrtxatians from about 0.3M isp to 
about 0.6M will noooally give good results; although higher 
oonoentratioris of chelant may be used, there is generally no 
advantage to doing so because the efficiency of the ciielant 
utilisation will be lower, at excess chelant conoentratians. Biis 
econanic penalty is particularly notable in oilfield cperations 
\4iere large vo lume s of solvent may be used, especially in 
formation scale retnoval treatment. 

As noted above, the catalyst is preferably an oxalate, 
thiosulfate, nitriloacetate or monpcarboxylic anion. 

^he oxalate may be adSed as the &ee acid or the salt, 
preferably the potassium salt. If the free acid is used, 
addition of tije potassium base to provide the requisite solution 
EH will convert the acid to the salt form under the oanditions of 
use. 

Ihiosulfate salts, especially sodixan thiosulfate or 
potassim thiosulfate provide a suitable source of the 
thiosulfate anion since the acid itself is unstable; these salts 
are, moreover, readily available oonsnercially at reasonable cost. 

Nitriloacetate anions may be siqpplied by the acid itself > 
^diich is converted to the salts under the pH conditions errplqyed. 
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or by the adaition of a nitriloaoetate salt. Nitriloaoetic acid, 
otherwise known as triglydue, NtC^caM)^, is an acid vihich is 
insoluble in water t«t which readily farms water soluble mano-, 
di-, and tribasic salts frcn various cations indiding the aJJcali 
metals, espedaHy sodium and potassium. Tbe addition of the 
free acid to the solvent will therefore result in dissolution 
under the pH conditions prevailing. Alternatively, the 
nitriloaoetate anions nay be added ty addition of the 
nitriloaoetate salts, especially the sodium or potassium salts. 
In eitiier case, the alJoaline conditions will result in the 
fonnation of the tribasic nitriloaoetate anion, V(CH^CCO)j^', in 
the solvent, me potassium salts are preferred in view of their 
greater solubiUty and for this reason, the solvent should 
preferably be tca^ to the desired pH value with a potaissium 
base, preferably potassium hydroodde. 

When the catalyst is an anion or anions of at least one 
monocarbQjqrlic acid, the acid nay be substituted with various 
functional gvtxps, especially electronegative groins such as 
hyttaayl, amino, halo or marc^jto or may be unsubetituted. Ohe 
lower substituted fatty acids such as the C^-Cg substituted fatty 
acids vhere the substituent is an electronegative group such as 
hydroxy, mero^jto, or amino are suitable since they have good 
solubiUty in oilfield waters, are readily available and are 
relatively inexpensive. Suitable acids of this type include 
nerc^jtoaoetic acid, aminoacetic acid and hydco^aoetic add. Ohe 
unsubstituted fatty acids such as acetic acid and formic acid 
have not been found to provide any major inprovenent in scale 
removal with DfTPA as a chelant and are therefore not preferred. 
The arcnaUc carbojylic acids nay also be used when they have an 
adequately high solubility in water. Dje acid nay have 
substituents other than the carboxyl groap on the arcnatic 
nucleus, for exanple, hydroxyl as in salicylic acid which is a 
preferred acid of this type. Other aranatic carhoxylic acids 
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vith carbooyl grctps attacted directly to the aranatic nucleus 
nay also be used. The preferred acids have been found to 
enhance the rate of bEccium sulfate scale dissolution using 
polyandncpolycarbcaylic ciielants, especially EOPA, to a 
sig n ificant and useful degree, so that dissolution of oilfield 
scales is usefully accelerated by the use of these ccnpositicais. 

It has been found tiiat the action of the synergist nay be 
selective for tSie dielant. Fac exanple, salicylate produces a 
significant increase in scale removal vdtb. the ciielant DEPA but 
only a slic^it ijaprovanent with IDTA. Die use of DHA is 
therefore favored not only because it generally shows an ijiproved 
pccpensity in itself to remove the aUcaline earth mstal sulfate 
scales tut also because it ediibits better response to a number 
of these synergists. 

Bie carboxylate synergist may be added as the free acid 
or the salt, preferably the potassium salt. If the free acid is 
used, the addition of the potassium base to provide the requisite 
solution pa vdll oowert the acid to the salt fcnnn under the 
oonditions of use. 

Die concentration of the catalyst or synssrgist in the 
aqueous solvent will be erf a similar order to that of the 
cijelant: thus, the amcunt of the synergist anion in the solvent 
should nonnally be at least O.IM in order to achieve a 
percqitiMfi increase in the efficiency of the scale removal, aixi 
canoentrations from abcut 0.3M vp to about 0.6M will give good 
results. Altiioucfli hi^aer qonoentrations of the synergist e.g. 
above 1.0 M nay be used, there is generally no advantage to doing 
so because the efficiency of the process will be lower at excess 
catalyst concentrations. Again, this eooncndc penalty is 
particularly notable in oilfield cperations. 

3he scale removal is effected under alJcaline oarxaitions 
preferably at pH values of fran about 8.0 to about 14.0, with 
cptiimm values being from about 11 to 13, preferably about 12. 



BNSOOCID: <WO_901 1872A1.I.> 



wo 90/11972 



PCT/US90/01774 



11 

Die prefecTBd solvents ccinr ise about 0.1 to about 1.0 M 
of ethylenRi i nmi netetcaaoetic acid (BDOA) or 
dietfaylenetr 1 n minep entaaoetic acid (DTPA) , or salts of these 
acixSs, as a chelant. In addition, the oxalate, thiosulfate, 
nitriloaoetate or carboocirlic anion as the catalyst or synergist 
is added to the aqueous solution in about O.oi to about i.o, 
preferably about v?) to 0.5 M. Die pH of the solvent is then 
adjusted ty the addition of a base, to liie desired value, 
preferably to about pH 12. ihs base may be a hydroxide of 
lithium, sodium, potassium car cesium, but potassium is preferred. 
We have found that it is injxartant to avoid the use of sodium 
cations vtoen operating at high pH values, above pH 8, and 
instead, to use potassium or, alternatively, cesium as the cation 
of the scale-reraoving agent. Potassium is preferred fee eccncty 
as v?ell as avidiabiUty. !ihus, the nonnal course of making vp 
the solvent will be to dissolve the chelant and the acid 
synergist (car its potassium salt) in the water to the desired 
oanoenCraticn, after which a potassium base, usually potassium 
hydroodde is adcSed to bring the pH to the desired value of about 
12. mis aquecus o nri pnBitian can be used to remove scale fecm 
the equipnent, or alternatively, punped into the subterranean 
f ornation v4ien it is the f ooaticn xMch is to be subjected to 
descaling. 

Ohe mode of operation of the synergist oar catalyst is not 
presently understood. While not desiring to be bound to a 
partixailar theory oonoeming tiie actual mechanism of its activity 
in conwerting or dissolving the scale, it is believed that 
adsorptian of the synergist or catalyst cn the barium sulfate 
surface may modi^ the surface crystal structure in such a w^ 
that the barium in the modified crystal is easily renoved by the 
chelating agent. 

Ihe aqueous solution containing the ccarpositicn can be 
directed down a wellbore to remcsve barium sulfate scale vftich has 
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fooled the tuixilar equ ipnen b e.g* pipiiig, casing etx:., aixi 
passage ways. Prior to being directed into the wellhore, the 
coipositicai may be heated to a tenperature between about 25«»C to 
about 100<»C. , althou^ the temperatures pretvailing dowrihole may 
mate pre-^ieating unneoessary. Qnoe within tbe tubular goods and 
the passageways requirii^ treatment, the ccnposition is allowed 
to remain there for about ten minutes to about 7 hours. After 
remaining in contact with the equipment for the desired time, the 
occposition containing the dissolved scale is produced to the 
surface and may be disposed of as required, possibly by 
re-injection into the subsurface formatian. Ttiis procedure can 
be repeated as often as required to remove scale fran the 
equipment. 

In one procedure for circulating the solvent throu^ the 
tutular goods in the well the solvent is punped down throu^ the 
production tube and returned to the surface tliroLi^ the annular 
spaoe between the production tubes ana the casing (or vice 
versa) . Also, the cleaning solution may be punped down throng 
the pro duct i o n tubing and into the formatian, thereby cleaning 
the well, including the well casii^, and the formatian pare space 
by dissolving barium sulfate present as it flows over and along 
the surfaces that need cleanir^. 3he spent ocanposition 
containing the dissolved, ocnplexed barium together with any 
other alkaline ^rth metal cations ^Aiich may have been present in 
the scale, especially radium, can be subsequently returned to the 
surface, for exanple, by displacement or entrainmant with the 
fluids that are pro du ced throa^ the well after the cleaning 
operation. In an alternative manner, the cleaning solxition may 
be ^lied batciiwise fashion, far exanple, fcy flowing the 
solution into the well and optionally into the pare spaces of the 
adjacent earth formation and there keeping the solution in 
contact in non^flcwing condition xdth the surfaces that are 



BNSDOCtD: <WO_90l 1972A1_I.> 



wo 90/11972 



PCr/US90/0I774 



13 



covered with barium sulfate scale, for a period of tine 
sufficient to dissolve the scale. 

Ohe pcesent scale renoval technique is very effective f cr 
lowering residual radioactivity of pipe oontaminated with 
radium-cantaining barium sulfate scale. As noted above, radium 
is frequently precipitated with barium in scale with the result 
that scaled pipe is often radioactive to the point that it cannrt 
safely be used, tfeing the present scale removal oanpositions, 
activity can be reduced to an acceptable level in comparatively 
^hort tunes without further treatment. Sane residual activity 
arises fixo lead and other radio-isotcpes whicii are not dissolved 
in the solvent: these isotcpes are decay products of radium and 
have origiially been ii«arparated in the scale with the barium 
and the radium sulfates. Althou^ they are not removed 
ciiemically ty the present scale renoval technique, the 
dissolution of the barium scale together with the other alJcaline 
earth netal sulfates enables these other oatponents of the scale 
to be ranoved ly siaple abrasion, for exanple, ty scrubbing with 
or without a detergent/water scrub solution, m this way, the 
resi dual ac tivity level may be reduced to a very low value, below 
the J«prcp:iate regulatory standards, ttus, ty using the present 
ctemical scale removal technique in conbination with a sinple 
Biechanical removal of loose, non-^dherent material, previously 
radioactive pipe may quicikly and readily be restored to useful, 
safe condition. 

Reference is now made to the aoconpanyii^ drawings in 

vAiichi 

figure i is a gr^ ^Ad<il depicts the dissolution 
efficiency of barium sulfate as a function of ligand 
ooncentration; 

Figure 2 is a graph viiich depicts the free energy of 
reaction for barium sulfate oonversicn at ZS-C; 
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Figure 3 is a grap h ical reptnesentaticn of the rate of 
baritm sulfate dissolution in the presence of a solution having a 
pH of 12, 0.5 M HEPA, and varying ooricentratians of an oxalate 
catalyst at a taiperature of lOO^C. 

Figure 4 is a graph which shows the effect of ciielant 
ocnoeritratiari on the rate of barium sulfate dissolution; 

Figure 5 is a graphical representation of the rate of 
bariina sulfate dissolutican in 0.5 M ECXIA witli catalysts of 0.5 M 
oxalate, 0.5 M potassium fluoride and 0.5 M potassium acid 
tartrate; 

Figure 6 is a grc^h depicting the rate of barium sulfate 
dissolution in 0.5 M KEPA with catalysts of 0.5 M potassim 
flxioride, 0.5 M oxalate, and 0.5 M potassium acid tartrate at 
25«C. 

Figure 7 is a gra^h }Anx±i shows the rate of dissolution 
of barim sulphate in various solvents; 

Figure 8 is a graph \iiich depicts the rate of bqrinm 
sulfate dissolution in 0.5 M EdPA with catalysts of 0.5 M 
potassim fluoride and 0.5 M oxalate at various tenperatures; 

Figure 9 s a gre^ \diich shows effect of teapecature on 
the rate of barium sulfate dissolution. 

Figure 10 is a gr^ \&nx±i shows the respective rates of 
dissolution of various sulfate species on a chelant^-containir^ 
solvent. 

Figure 11 is a graph vAiicb shews the respective rates of 
dissolution of various barium sulfate species in a 
chelant-<X3ntaining solvent, 

Figure 12 is a gre^ix vMch shows the low residual rates 
of radioactivity \4iicii may be achieved for contaminated oilfield 
pipe by use of the present scale removal process. 

Figure 13 is a gr^ vfcLch shows the rate of dissolution 
of barium sulfate in solutions of OTPA containing various 
substituted acetic acids as synergists. 
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Figure 14 is a gr^ ;«Mch shows the rate of dissolution 
of barixna sulfate in solutions of DTPA containing salicylic acid 
as a synergist; and 

Figure 15 is a graph \iiicii shows the rate of dissolxition 
of barium sulphate in solutions of DTPA ocaitaining thiosulfhate 
or nitrilooelate anion as a synergist. 

Die oacpositions and mstbods acoarding to the inventicn 
are particularly useful for mare efficiently renovii^ barium or 
stronti-um sulfate scale frm wells, wellstream ptrocessing 
equipooent, pipelines and tubular goods used to produce oil fran a 
subterranean fonnatian. 

In carder to demonstrate the barium sulfate 
scale-<iissolving c^jacities of the oanposition, several aqueous 
solutions have been tested in laboratary tests the results of 
\ifaich are described the discussions \diicii follow. Bie 
experiments described belcw ware, except as noted below, carried 
cut in a cylindrical glass vessel having a hei^t of 10 cm and an 
ixxtemal dia m eter of 7.5 cau Barium sulfate, cr \jhere 
applicable, other solid scale conponents vere added to the test 
solution and agitated with the selected solvents and the rates of 
dissolution and final dissolved concentrations determined. Die 
results are resorted gr^iiically in the figures. 

As shown in Figure 1, varyii^ concentrations of DTPA and 
IDEA are cacpared with 2.2.2-ci:yptand ^ch is described in 
US-A-4,215,000. As described, various oonoentrations of OTPA 
with oxalate and B3EA were oatpared with the barium sulfate 
dissolution of 2.2.2-ciryptand. de results were obtained at 25oc 
and demonstrate that UCPA/oxalate oanplexes mare barim sulfate 
(49 g/1) than 2.2.2-cryptand (37 g/1). As the dotted lines in 
the gr^ reveal, DEPA/oxalate is substantially moore efficient 
than either 2.2.2-ca:yptand or an EUTA chelant at all 
cxanoentrations. Efficiency of a chelant or solvent is defined as 
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the fracAion cxf c he la n t that is ocnplejcBd with barium divided by 
the total ocBTcentration of chelating agent. 

Die amcunt of oxalate catalyst utilized in cooibination 
with DTPA is not critical, within the limits descriied above. 
Ibis is illustrated in Figure 3 vtoicb shows that all 
conoentraticsis of oxalate catalyst fron 0.1 to 0.5M oontriijute to 
the dissolution of 80 to 90 percent of tiie saturation level of 
barim sulfate within ten (10) minutes of contact. Adiitianally, 
as demonstrated in Figure 3, the fast rate of dissolution is a 
significant feature of the present scale removal tecJmique. m 
practical applications of the methods therefore, contact times of 
less than about 4 hairs, eg. i or 2 hours, may be sufficient, 
depending on the scale thickness. Anotha: significant feature of 
the tecimique is the hi^ equilibrium (saturation) levels of 
dissolved barium, strontium and calcium sulfate scales vtoicii are 
obtained in the aqueous solutian, making the pcooess particularly 
efficient in terms of solvent utilisation. 

Barium sulfate car other scales dissolved in the solvent 
are influenced ty the oonoentratian of chelant used. Hhe effect 
of varying the DOPA oanoentration (100»C) is d^icted in Figure 4 
at ctielant ooioentrations from 0.3M to 0.6M. deceased DUA 
canoentratioi causes an increase in the rate of barium sulfate 
dissolution and the amount of barium sulfate hoiri in t±e solvent. 
It shculd be noted in particular that the final equilihriun 
cxmoentration of barium sulfate is 60 g/1 \*ich is far in excess 
of the solubility in water alone. 

Figure 5 illustrates the rate of barium sulfate 
dissolution when 0.5 M miA is used with 0.5 M catalysts 
includlng^ qxal^, potassium fluoride ana potassium hydrogen 
tartrate. Figure 5 also illustrates the barium sulfate 
dissolution rate \*en 0.5 M ELOA is used alone, ihe tenperature 
of the solvent in vMch the catalyst is used affects the rate of 
barium sulfate or scale dissolution. Bus is further shown in 
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Figure 6, Here differenoes in the bririnm sulfate car scale 
dissolution rate of a solvent ccaitairiiiig 0.5 M DEPA is shown \Jhen 
the terrperature is maintained at lOO'^C and 25**C with designated 
catalysts. Ihese catalysts onfftrrisfi 0.5 M potassium fluoride, 
0.5 M csxalate and 0.5 M potassium acid tartrate. 

Effectiveness of an oxalate catalyst is shown with DTPA 
yaben cea ap a r ed to DEPA alca>e at 25*C and 100**C. iv^ig is 
illustrated in Figure 7. HEPA with oxalate at 25«*C has nearly 
the same barivmi sulfate dissolution rate as DTPA only at a 
tenperature of 100*C. Examining Figure 7, it is readily e^parent 
that the oxalate catalyst caused the difference, ihis is 
apparent since the barium sulfate dissolution rate of DTPA with 
oxalate at 25<>C is ranch greater than the dissolution rate of 
barium sulfate ty IJEPA alone at 25«C. As illustrated in Figure 
7, about 90 percent of ths^scale is dissolved in the lab within 
the first ten minutes of contact, using Powdered BaS04. Much 
slower rates of barium sulfate dissolution are shown /when iDTA 
and DEPA are utilized without a catalyst at 25*»C. Tbe results 
shew that the ETPA/oxalate cccihination ccnplexes inore barium 
sulfate than ETEPA alone and that DEPA is nare effective than IDTA 
at both tenperatures. Furthemiate vtoen the oxalate is present 
with the mph, the equilibrium oonoentc a tion of dissolved barium 
sulphate is readied far Bare quickly than with either the IDEA or 
the DEPA, \i4iicb have not achieved equilibrium after 7 hours at 
the termination of the es^ieriitent. 

Although catalysts greatly enhance the rate of barium 
sulfate dissolution by DEPA or EOTA, this erihanoenent varies with 
the particular catalyst enplqyed. Figure 8 illustrates 
graphically the diff erenoe in barium sulfate dissolution vihen 
selected catalysts are utilized with DEPA. Ihese catalysts 
occprise 0.5 M potassium fluoride at 100<*C and 25'*C, and 0.5 M 
oxalate at 25**C. 
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As aenticaied above, the rate of barium sulfe±e scale 
ctissolution varies with the solvent ocnpositicn utilized. In 
carder to determine candidates for use as a solvent, free er^rgy 
calculations for the conversion of barium sulfate to barium 
carbonate were utilized. Ttds is a well known ooaiversion using 
cxHioentrated sodium carbonate solution and solid alkaline earth 
metal sulfates,,, Eree energy of ocaiversian of barium sulfate to 
barim carbonate is calnilated as essentially zero, meaning that 
the ocsTversion is energetically favorable. However, the 
conversian is expected to readi equilibrixim with iof=F tiian full 
csHiversion of barium sulfate to barium carbcnate. 'Hije is the ' 
actual reaction situa t i o n with only about 75-80 percent of the 
barium sulfate being converted. Further calculations were w^Ho 
using ocnraon anions, both organic and inorganic. Sane of the 
anions caisidered are shown in Figure 2 of the free energy gr^. 
Ohose anions with a negative free energy of reaction are 
considered very reactive toward conversion of alkaline earth 
sulfates to the respective barium carpountas. Many of the anions 
are by nature strong osdxiizii^ agents, for exanple, persulfate 
(S^Og) , dithionate (S^O^) , and hypochlorite (OCl) , nmnnally would 
not be considered practical for use in a hydrocarbon environment. 
Fluoride (F^) and osialate (C^O^ ^) anions are found to be very 
active catalysts for ethylenediaminetetraacetic acid (IDEk) and 
diethylenetriaminGpentaacetic acid (ETPA) or their salts for 
dissolution of barium sulfate, respectively. E>?)eriiasntally, it 
was determined that the catalysts alone (without mik OR DTPA) 
have no scale dissolution properties of their own. 

Oxalic acid or salts are xjsed to obtain oxalate anions. 
Salicylic acid, the precursor to aspirin, is also an effective 
catalyst for dissolution of barium, strxar t ium and r^lcuim 
sulfates in oanhijiation with ETEPA. E>?)eri2ients iidicate that it 
has a hitler rate of dissolution and saturation level than 
oxalate anions. Both oxalic ana salicylic acids are ccranarcially 
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available and are relatively ine)5)ensive. For 0.1 to 0.5 irolar 
concentrations, salicylic acid would add I3S$5 to US$24 per barrel 
for chemical cost, \rtiereas oxalic acid VTould contribute frm 
about US$2 to US$7 to the cost per barrel. 

Salicylic acid is used to obtain salicylic anions. 
Effective catalyst anions are also obtainable £ran aminoacetic 
acid (glycine) , glycolic acid (hydroocyacetic acid) , and 
thioglycolic acid (nerc^toaoetic acid) . 

One exaitple of a preferred aqueous solvent vihich can be 
used oonprises 0,5M DEPA and 0,3M Oxalic acid adjusted to a pH of 
12 vdth potassixjD hydroxide. 

Another exanple of a preferred aqueous solvent for use 
herein comprises 0.5M EDEA and 0.5M KF adjusted to a pH of 12 
with potassium hydroxide. 

Figure 9 shows that the rate of dissolution of the barium 
sulfate scale is related to tercperature, with faster rates of 
dissolution beiiig attained at the hi^ier terrperature (0°C, ) 

Figure 10 shows the results of a batch test carried with 
scale material removed frosn field tubing similar to that used in 
a continuous flow locp test in vftiich the test solution was 
circulated. Ihe sanples of scale material were added to the 
solvent (0.5M DrPA,0.5M oxalate piH=12, 0*^C.) in a conoentration 
equivalent to 60 q./l. of scale. The concentrations of the 
different species dissolved in the solvent at different tiroes 
were determined, ihe results of the batch tests are shown in 
figure 10 and indicate that in addition to the dissolution of the 
barium, the strontium sulfate also reaches equilibrium 
conoentration in a very short tire. Ihe results from the flow 
loop tests are similar but with much lower final concentrations. 

Figure 11 shews that the scale removal process is 
effective both with barium sulfate in the powder form and also 
with actual pipe scale/tar mixtures and with barite ore (BaSO ) . 
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Figure 12 sbcws that the present scale renoval technique 
is very effective for lowering residual radioactivity of pipe 
cxaitaminated with radiim^-Gantaining barium sulfate scale. As 
noted above, radium is frequently precipitated with barium in 
scale with the result that scaled pipe is often radioactive to 
the point that it cannot safely be used. A continuous flow locp 
test was used to ratove the scale from pipe which was similar to 
that used with Figure 5 and the radioactivity was determined at 
successive tiroes durii^ the test. As shown in the Figure, the 
activity was re du ced to an aoo^itable level after three hours 
without further treatment. It appears, however, that seme 
residual activity arises from lead and other radio-isotcpes which 
are not dissolved in the solvent (see Fig.5) ; tliese isotopes are 
dec^ products of radium and have originally been incorparated in 
the scale with the barixjm and the radiimi sulfates. Althou^ they 
are not removed chemically fcy the present scale removal 
technique, the dissolution of the barium scale together with the 
other a1 Valin e earth metal sulfates enabled these other 
ccnponents of the scale to be removed ty sinple abrasion. Tar 
Figure 7, the descaled pipe was scrubbed with a soft bristle 
brush using a detergent/water scrub solution, iba result was to 
reduce the resiaaal activity level to a very low value, below the 
^prcpriate regulatory standards, nius, ky using the present 
ciiemical scale removal technique in combination with a sinple 
mechanical removal of loose, non-adherent material, previously 
radioactive pipe may quickly and readily be restored to useful/ 
safe condition. 

As shown in Figure 13, DTPA alone and UTPk with various 
substituted acetic acids were pcnpared at lOO^C. 3he results 
demonstrate that the Ea!PA/carbax7late combination ccaplexes more 
barium sulfate tiian ETEPA alone. 

Figure 14 ccnpares the relative rates of hr^H^mi sulfate 
dissolution using ETOA alone and DEPA in combination with 
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salicylic acid. As shown in the Figure, the additicn of salicylic 
acid is effective to alnost double the degree of barium sulfate 
disso lution. 

Referring to figure 15, the solvents used '**> i« o.SU 
rxEPA in ccnbination vath either 0.5M thiosulfate grVjod as 
potassium thiosulfate, 1^8203, or O.m nitriloaoetate, added as 
nitriloacetic acid, with the required pH of 12 attained ty the 
addition of potassium hydroodde. Ohe results are reported 
gr^Siiically in the Figure. 

As shown in Figure 15, DEPA alone and DlPA vdtb 
thiosulfate and nitriloaoetate synergists were cotpared at ioo°C. 
Ihe results demonstrate that the DOPA/synergist ccnbination 
oaiplexes more barium sulfate than DTPA alone, and that 
thiosulfate is slighUy mcare effective as a synergist than 
nitriloaoetate. MthoiKih the nitriloaoetate catalyst was 
initially less effective than the chelant alone, the final 
equilib r iu m oonoentratian of the dissolved scale ocnponent became 
greater at contact tines longer than about 100 minutes, so that 
there is a potential for scale removal with this synergist at 
extended contact times using this low paxporticn of the 
synergist. 

Distilled water was used in the tests shown in Ilgure 15, 
and with the majority of the other tests (except the continuous 
flow loop tests) . Minor decreases in efficiency nay be observed 
with tap water and more significant decreases with seawater, e.g. 
about 20 percent decrease with seawater. Diis is reasonably to 
be expected sinoe seawater has interferii^ ions, e.g. calcium ani 
magnesium. Diese interfering ions ootplex with the chelatiig 
agent, either DEPA or EEOA, ani reduce the overall dissolving 
power. Additionally, it has been determined that halide ions 
have a negative effect on dissolving power as a function of the 
size of the halide ion. Dissolution rate is increased as the 
halide ion size is reduced and the ctorge density is increased. 
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i.e. in the order of iodide, brardde, chloride aixi fluoride. 
Fluoride ion enhances the effect of EDOA-based solvents, but not 
DdPA: fliioride inhibits roost OTPVcatalyst solvents. 

As noted above, the effect of cations is also very 
iJipartant to the^ success of tiie scale solvent, especially \Aien 
added with the sizable portion of caustic required to adjust the 
pH to 12. Dissolution is enhanced as the size of the cation is 
Ixcreased, i.e. lithium, sodium, potassium and cesium. Lithium 
and sodium hydroxides in the presence of EDdA, or DTPA, and 
catalysts are not soluble at a pH of 12, the optimum value. 
Cesium is too difficult to obtain,, both in quantity and price, 
therefore, potassium hydroxide, in the form of caustic potash, is 
the pH adjustii^^reagent of choice. 

Another effective chelant is cyclchexanediaminetetra- 
aretic acid (CDOA) , Mnxii iiay be used with any of the synergists 
disclosed hereinabove. CEdA is particularly useful with the 
oxalate anion at a pH of substantially 13. 
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■ CLAIMS 

1. A cxnpositicn fear dissolving an alkaline earth metal 
sulfate scale ocnprising: 

a) an aqueous solxition having a pH of froa 
substantially 8 to substantially 14; 

b) a chelatirg agent selected from a member of the 
grtx^ cxansisting of aminocarboocylic acid, polyaminocarboxylic 
acid, polyamines, salts ani mixtures thereof; and 

c) a catalyst selected froa a meanber of the gnxp 
consisting of anions of organic or inorganic g^H^g 
and mixtures thereof, hciving an ianizatlcn constant 
of less than substantially lo""^ (K^ <10""^) . 

2- A oarposition according to r^P^^ln i vjierein the 
c±ielating agent is mrk or OTPA and the catalyst ccnprises 
fluoride, oxalate, persulfate, dithionate, hypochlorite, fonnate, 
thio, amino, and/or hydroxy acetate anions, 

3. A cccposition aooording to Claim 1 \dierein the pH is 
adjusted to about 12 with potassium hydrodde, the chelant 
ouiitit ises EDEA and the catalyst ccnprises fluoride anions. 

4. A ccnposition according to Claim 1 wherein the pH is 
adjusted to about 12 with potassium hydroxide, the chelant 
cocprises UTPA ani the catalyst occprises oxalate anions. 

5. A caipositian according to Claim 1 wherein the pH is 
adjusted to about 12 with potassium hydroxide, the chelant 
occprises EfTPA and the catalyst oonprises formate anions. 
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6. A cci rp ositian acxxarxiuig to dam 1, wiierein the 
catalyst . cxuprises am late, thicasulfate, nitriloaoetate or 
nmocarbGoylic acid anicais: 

7. A ocp p ositian for dissolving an alkaline earth metal 
sulfate scale ccnpcising: 

(a) an aquecus solution having a pH of froa 
substantially 8 to substantially 14; 

(b) a chelatii^ agent ocnprising a 
polyandiicpolycarbaxylic acid or a salt of sucii an acid; and 

(c) a synergistic scale-dissolviiKr quantity of 
oxalate, tJ iins ul f ate, nitriloaoetate or iKanocarbaxylic acid 
anions, 

8. A ocnposition according to niaiTp i cr 7, \Aierein the 
Efi is obtained hy the addition of hydroxides of lithium, sodium, 
potassim or cesium. 

9. A conposition aocording to maim i or 7 \ghich is 
^" ted to a tenperature of fro© substantially 25*C to 
substantially 100*»C or hi^ier depeniing x^^on the dqpth to v4iich 
said ootposition is to be injected intx) a subterranean fonnatian. 

10. A ocnposition acoocding to <^^^m 1 or 7 vherein the 
chelating agent is DTPA* 

!!• A ccnposition according to COaim 1 or 7 viierein the 
EH is obtained by the addition of hydrmddes of potassium, 

12. A o mrp osition according to r^s^iyn i cr 7 viierein the 
dielating agent is present in an amaunt of O.IM to l.OM. 
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13. A ocnpositioai aocarding to CLaim 12 v^iarein the 
ciieLatijig agent in an amount of frm 0.3M to 0,€M. 

14. A ccnposition aocxarding to Claim 1 or 7 vterean the 
synergistic anions are poresent in a concaentraticai of froa 0.2M to 
0.6M. 

15. A ccnposition according to Claim 14 vjherein the 
synergistic anions are present in a conoentratian of o.3M to 

16. A ocnpositicn aoooniiixr to Claim 1 or 7 igherein the 
synergist oonprises thiosulfate aniens. 

17. A ocqposition acoarding to Claim 1 or 7 viierein the 
synergist ccrtprises nitriloaoetate anions. 

18. A ccnposition aooonaing to Claim 1 or 7 ^dierein the 
synergist occprises monocarixaiylic acid anions. 

19. A coitpositian according to ria-iin i or 7 ^jherein tiie 
synergist occprises oxalate anions. 

20. A ccnposition according to ria-iin is therein the 
synergist oonprises anions of a substituted acetic acid. 

21. A ccnposition according to najiTt 20 vtoerein the 
substituted acetic acid is nerc^jtoaoetic acid, hydroxyacetic 
acid or aminoaoetic acid. 

22. A ccnposition according to Claim 1 or 7 v*ierein the 
synergist ccuprises anions of an aronatic carboxylic acid having 
the carbooyl grctp attached directly to the aronatic nuclais. 
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23. A cxnpositicn aoccarding to Claim 22 i^terein the 
synergist o'li^or-ises anicais of salicyclic acid. 

23. A corppsition aooarding to Claim 1 car 7 vijerein ttie 
pH of the solxrtion is froa 10 to 13, 

24. A cxnpositicai aooarding to Claim 23 idierein the pH 
of the solution is substantially 12. 

25. An aquecws ocnposition for dissolviiig alkaline earth 
sulfate scale crnprising an aqueous alkaline solution having a pH 
of fron substantially 8 to substantially 14, frm substantially 
O.om to substantially l.OM of a cijelating agent ccoprisii^ a 
polyaQ(nincpolyc2a±)axyiic acid or a salt of sucJi an acid, and from 
substantially 0.05M to substantially l.QM of a synergist 
coBprising at least one anicsi selected from oxalate, thiosulfate, 
nit r iloaoetate ana manocartocoylic acid to inprove the scale 
removing daaracteristics of the conposition, 

26. A e xp osition acoaniing to r'laiim 25 \(*ierein the pi 
is obtained by the presence of a potassium base. 

27. A cxnposition aocording to Claim 25 \gherein the 
chelating agent .cxuprises E7EPA. 

28. A CGoposition according to n^p^^rn 12 ^*ierein the pH 
is adjusted to a value from substantially 11 to 13 with potassium 
hydroodde, the chelating agent ccnprises COPA and the synergist 
anion is present in a ocncentration of from 0.3M to 0.6M. 

29. A ocnposition aooarding to Claim 25 \dierein liie 
synergist ocnprises anions of a substituted af^ir acid. 
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30. A cxxiposition acxxotiiiig to f^ia-iTn 29 \4iereiii the 
substituted acetic acid is fflsrc^toacetic acid, hydrtaxyacsetic 
acid or aminoaoetic acid. 

31. A oonpositicfn aoooording to riaSTn 25 \iifirein the 
synergist ocnprises anioiis of an aronatic cartxaxylic acid having 
the carboxyl gcaap attached directly to the aronatic nucleus. 

32. A cotrposition according to riaStn 31 \gherein the 
synergist ccnprises anions of salicylic acid. 

33. A method for removing alkaline earth scale 
ccnprising: 

(a) ccQitacting said scale with an aqueous soltrtion 
having a of substantially 8 to substantially 14 \diich solution 
contains an aicdnocarbajQrlic acid, polyaminocarboxirlic acid or 
polyamine ciielant, salts or mixtures thereof, and a catalyst 
vaiich ocnprises anions or organic or inorganic acids aid mixtures 
thereof, vjhere said acixis have an ionization constant of less 
than substantially lo"^ (K^ <io"^) thereby makii^ a solution 
vMcii can dissolve substantially moore F^^ le vithin a 
substantially reduced time period than is posible vith said 
chelant alone; and 

(b) allowing said solution to remain in contact vdth 
said scale for a tiine sufficient and at a tecrperature sufficient 
to dissolve said scale. 

35. A method according to Claim 34 vfeerein the chelating 
agent is mCA or DERA and the catalyst occprises fluoride, 
oxalate, persulfate, dithionate, hypochlorite, formate, thio, 
amino, and/or hydroxy acetate anions. 
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36. A method accxiniing to Claim 34, vtoerein tiie catalyst 
fr m prises oxalate, thiosulfate, nitriloaostate or manocarboxylic 
acdd anions: 

37. A neajoa for removing alkaline earth sulfate scale 
ocnprising odntactiug the scale with an aqueous soluticn having a 
p of substantially 8 to substantially 14 and ocnprising a 
ciielating agent ocnprising a polyaminopolycaiixaylic acid or salt 
of sucii an acid, and a synergist anion selected frcan oxalate 
thiosulfate, nitriloacetate and Bonocarboxylic acid to dissolve 
the scale. 

38. A method according to Claim 33 or 37 viierein the 
chelating agent ocnprises DIPA. 

39. A method aooarding to Claim 38 wherein the DIPA is 
present in a oonoentration of fron O.lM to i.CM. 

40. A method according to Claim 38 ^dierein the synergist 
anion is present in a conoentration of fron O.m to l.CM. 

41. A method according to Claim 33 or 37 viierein the pH 
of the soluticn is frcm 11 to 13. 

42. A method aoooniing to Claim 41 vijerein the pH of the 
solution is substantially 12. 

43. A method accarding to Claim 33 or 37 vftierein the 
scaJfi is contacted with the solution at a tenperature fron 25"»C 
to 100»C, or higher d^)ending vpan the depth to »*icii the 
ocnposition is injected into a subterranean location. 
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44. A method acxxfrdii^ to Claim 33 or 37 vftierein the 
scale is oontacted with the solution for a time to 4 hours. 

45. A method acxxxcding to Claim 33 or 37 wherein the pH 
of the solution is provided ty the use of a potassium base. 

46. A method aooording to Claim 45 wherein the potassim 
base is potassim hydrcodde. 

47. A method accordir^ to Claim 33 or 37 \4ierein the 
scale ocirprises barium, strontium or calcium sulfate or mixtures 
thereof. 

48. A method aooordii^ to majm 33 cr 37 vtoerein 
substantially 80% to 90% of a saturation level of barium, 
strontium or calcium sulfate is dissolved frcni the scale in 
substantially 10 minutes at a temperature of substantially 100«»C. 

49. A method aocordir^ to Claim 33 or 37 \*erein the 
solution is directed down a cased welUbare, fron which the scale 
is dissolved and subsequently dissolved scale is removed frcm the 
wellbore. 

50. A method aocordinj to Claim 33 or 37 wherein the 
solution is contacted with a subsurface f armation to r^atove scale 
fron the farmation. 

51. A method according to Claim 33 or 37 \4ierein the 
sulfate scale contains radium. 

52. A method accordix^ to Claim 37 wherein the synergist 
ccnporises anions of a substituted acetic acid. 
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53. A Dfittiod aocxjrding to riaim 52 ^jherein the 
substituted acetic acid is merc^jtoacetic acid, t^^drcaqracetic 
acid or aminoaoetic acid. 

54. A method aocording to Claim 37 wherein the synergist 
omiK isps anions of an arcnatic carixoylic acid having the 
carbaxyl grcx?> attarfied dixectiy to the aranatic nucleus* 

55. A method aocordijij to Clam 54 \gherein the synergist 
amtOLi ses anions of salicyclic acid. 

56. A method for reducing the radioactivity of oilfield 
tufcular goods contaminated with radioactive, radixim-<xantainir^ 
scale car d^)osited al3caline earth metal sulfates, cccprising 
oontacting the scale en the tubular goods with an aqueous 
ccaposition for dissolving aJJcaline earth sulfete scale 
ccaQDprising an aqueous aUcaliiie solution haviixr a pH of frm 
sutetantially 8 to substantially 14, fron substantially 0.05M to 
substantially l.CM of a chelatii^ agent caiprising a 
polyaminopolycarboxylic acid or a salt of such an acid, aid fma 
substantially 0.05M to substantially l.OM of a synergist anion 
selected from oxalate, thiosulfate, nitriloaoetate and 
nanocarbcQcylic acid anions to inprove the scale remcjving 
characteristics of the oonposition, for a time sufficient to 
remove the scale fron the tubular goods. 

57. A nethod acoordii^ to naiTn 55, wherein the 
synergist is thiosulphate or nitriloaoetate, and the pH is 
between substantially u ana substantially 14. 

58. A method according to Claim 56 wherein the ciielating 
agent octiprises UEPA in a oonoentration of frcm O.IM to l.CM, the 
synergist is in a oancentration of frctn O.lM to l.CM, and the pH 
is fron 11 to 13 pocovided by potassium l^droKide. 
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59. A m e tfa od acxxarding to Claim 56 vftierein the tubular 
goods are subjected to mechanical abrasion after renoval of the 
scale ty the solxition. 

60. A method aacccding to Claim 56 vtoerein the .sca le is 
contacted with the solution at a teatperature of frm 25«>c to 
100«»C. 

61. A method for selecting a catalyst suitable for 
enhancing the dissolution of an alkaline earth metal sulfate 
scale \*en used in ocnbination vith a ciielatinj agent fiAigvrtg>rl 
frcni a member of the grocp consisting of aminocarbco^lic acid, 
polyaminocarbcoylic acid, polyamines, salts or mxturgs thereof 
ccnprisixig: 

selecting said catalyst fran anions having a negative 
free energy of reaction for the conversion of barium sulfate to 
barim caipcund ^ch catalyst provides for substantially 
increased rates of dissolution of said scale than is possible 
with said agent alone. 

62. A method according to Claim 61 vAierein said 
chelating agent is EDEA or niPA, salts and mixtures thereof. 

63. A method according to f^ia-im ei vtoerein ^ i d scale is 
barium sulfate. 

64. s method according to Claim 61 vdierein said catalyst 
ccnprises fluoride, oxalate, persulfate, dithionate, 
hypociilarite, and formate anions, also thio, amino, and/or 
hydros^ acetate aiuons. 
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65. A methcxa acoocding to Claian 61 wherein said catalyst 
cxoprises cocirlaEte, tliioeulphate, nitriloaoetate or nEnocarixKylic 
acdd anicais. 
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